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In order to provide high-incidence data for all-movable tri ar
and rectangular wings and a body in combination, forces, mohents, load
distributions were measured to combined body angles of attakk and ng
deflection of #45° at a Mach number of 3.36. The ranges of aspect ratios

were, for the triangulsr wings, 3/8 to 4, and, for the rectangulsr wings,
1 to 3. Additional measurements giving over-all combinastion aerodynamic

coefficients were made on two smaller scale wing-body combinations at Mach
numbers of 3.36, 2,44, and 1.98.

The investigation showed that the mutual interference effects of body
and wing could be satisfactorily calculated in the body angle-of-attack
renge from at least 0° to 6° and in the wing deflection range from O° %o
10°, Nonlinear effects precluded the satisfactory aspplication of theoreti-
cal methods of predicting force and moment coefficients at higher ineci-
dences, These effects were due to a decrease in the effect of body upwash
on wing lift with an increase in angle of attack sbove 10°, and to an
increasingly nonplanar geocmetrical relationship of the wing and body with

increasing wing deflection angle, thus departing from the simplified
planar model on which the theory was based.

INTRCDUCTION

Adequate maneuverability at ever-incressing altitudes requires mis-
siles and interceptor alrcraft to operste through large ranges of angles
of attack and control deflection., Since supersonic alireraft at high angles
of attack can encounter highty nonlinear aerodynamic forces, experimental
investigation of body-wing configurations at high lncidence and at super-
sonic speeds is needed in order to provide useful design dsta and to aid
in the development of applicable high-angle theories., Some high-incidence
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data on body-wing combinstioms at supersgonlic speeds are svailable (e.g.,
refs. 1 to 4), however, detailed data in the form of forces, moments, and
load distributions are Ilimited.

A program was undertaken at the Ames 1- by 3-foot wind tunnels {o
provide some experimentsl data on the aerodynamic charsascteristics of wings
and of all-movable wing-body cambinatiohs at high angles of attack. Ref-
erences 5, 6, and 7 report results of force and pressure-distribution
measurements on semispan wings of triangular and rectangular plan form,
tested to high angles of attack in the Mach number range 1.45 to 3.36.
The investigation reported herein gives the results of tests at a Mach
number of 3.36 of configurations using a selectlion of these wings as
sll-movable controls in combination with a body. The tests extended over
the combined sngle-of-attack end wing-deflection range of 0° to #45°,

The deta obtalined consisted of forces apd moments on the body and on all
of the wings. Load distributions were, ¢btained on the body and on the
wings previously employed in the investigation of reference 7. Smaller
scale full-span models of two of the semispan configurations were tested
to high incidences at Msch numbers of 1.98, 2.4k, and 3.36 in order to
indicate the effects of Mach number.

Limited comparisons of experimental force and moment coefficients
wlth calculated values based on linear theory were made to establish the
range of angles of attack and wing deflection wherein theoretical values
are in satisfactory agreement with those of experiment. Factors contrib-
uting to nonlinear force and moment coefficients at higher incidences are
indicated.

SYMBOLS
A aspect ratio of the exposed wing panels Joined together
e local chord, in,
14
=2

an(w) =3 [ P r cos G 439

cn local normal-farce coefficient,
: 1

Cny(p) = [ (P; ~ Pylda(x/c)

Cr root chord at wing-body juncture, in.

o1

mean seradynemic chord of exposed wing penels, in.

span loading coefficient

|

o
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Cb

kp(w)
ky(B)
Kp(w)

Kw(B)

bending-moment coefficlent about wing root chord,
bending moment

qxﬁwsw

hinge moment
qSwe

pitching-moment coefficient about wing hinge line,
pitching moment

Qo Swe

hinge-moment coefficient,

dr
dreg coefficient, —o&
7 o v
component of normal-force coefficient normsl to free-stream
direction, Cycos(ag + By)
normel force

9w
chord; ACNB(W)’ CNBW’ and CNB normal to body axis

normal-force coefficient,

s CNW(B) normael to wing

body dismeter, in,

ratio of interference 1ift of body in presence of wing to that
of wing alone, dy variable, ag = O°

ratio of 1ift of wing in presence of body to that of wing alone,
&y varisble, ag = O°

ratio of interference 1lift of body in presence of wing to that
of wing alone, ap variable, &y = o°

ratio of 1lift of wing in presence of body to that of wing alome,
ag Vvariable, &, = o°

Mach number
orifice pressure

free-stream static pressure
P - Py
9

free-stream dynamic pressure

pressure coefficlent,

body radius, in,
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a( )B(W)

B(W)

BW
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Reynolds number

combination semispan, measured from axls of body, in.
wing semispan measured from wing-body Jjuncture, in.
body frontal area, s8q in.

area of exposed wing panel, sq in.

local thickness of wing section

chordwise distance from leading edge of wing at spanwise
distance y or distance along body from nose tip, in.

linesr-theory distance to center of pressure from leading
edge of wing-body Juncture, root chords

spanwise dlstance from wing-body Juncture, in.
e -1
angle of attack of body with respect to free stream, deg

angle of attack of wing with respect to free strean,
aw=qB+8W,d.eg .

deflection angle of wing with respect to body, deg

azimuthal location of body pressure oriflces measured from
meridional plane, deg

body interference coefficient, ( )B(W) - ( )B
Subscripts

hinge line

lower surface

upper surface

body alone

body in. the presence of a wing

body-wing combination, B(W) + W(B)
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W wing alone
w(B) wing in the presence of the body
APPARATUS
Tunnel

The Investigation was conducted in the Ames 1~ by 3-foot supersonic
wind tunnel No, 2. This nonreturn, intermittent-operation, variable-
pressure wind tunnel has & Mach number range of 1.4t to 3.8. The Mach
number cen be changed by varylng the contour of flexible steel plates
which form the upper and lower walls of the nozzle.

Models

Semispan wings.- The semispan wlngs of the present investigation were
selected from models previously employed in the wing-alone tests of ref-
erences 5, 6, and 7. The geometry of these wings is summarized in fig-
ure 1(a). Three of the wings of this figure were fitted with pressure
orifices. The wings, in vertical streasmwise planes, had modified biconvex
sections with trailing edges blunted to & height one-hslf the maximum
thickness. The wings fitted with pressure orifices bhad meximm thickness
ratios of 5 percent at the 50-percent-chord line and the remaining wings
hed meximum thickness ratios of U4 percent at the 59-percent-chord line.

At the root, the wings were provided with an integral shaft, the axis of
which was the hinge line, All of the wings, wlth the exception of the
trisngular wing of aspect ratio 3/8, had filleted root sections (see sketch
in fig. 1(a)). The pressure orifices were mede by drilling holes in one
surface of the wings at the locations listed in taeble I. Tubing was sol-
dered into milled grooves in the wing surface opposite the orifice holes,
and led from each orifice out through a hole in the hinge shaft.

Half bodies.- Two half bodies of revolution ldenticel in profile were
employed. The bodies consisted of a pointed nose 6 inches long on a 2-inch-
diameter cylindrical afterportion 20 inches long. The nose profile is
defined by the Hsack equation (“’,{

N o R e )

rée) s 22l
The first body, designated model I, was tested in combination with the
pressure-distribution wings, and the other body, designated model II, was
tested in combination with the remaining wings. The pressure orifices were

r= Ao | ho2Y ., - 3]
cos (1 — < o4 —
Uf';:— g g fomje<e ( 3) -

T 0¥
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made by sweating steel tubing in drilled holes and grinding the ends of
the tubes flush with the body surface. The coordinste system by which the
orifices are located is presented in the' sketch accompanying table II(a).
Pressure tubes from the orifices were leg out around the wing hinge shaft.

Full-span models.- The full-span models consisted of a body to which
was sttached an aspect-ratio-l rectangular wing or an aspect-ratio-2 tri-
angular wing, These models were geometrically the same as two semispan
model combinations having r/s=0.2, as denoted in figure 1l(a), but were
reduced in size by the ratio of 7/16 The wing panels of the full—span
models were integral to & common hinge shaft which, when set in place in
the body, could be rotated to the desired wing deflection angle and then
secured by a friction clamp,

Balance and Supports

The semlspan wings were tested in the presence of a helf body of
revolution which was mounted on a boundary-lsyer plate. The boundary-
layer plate served as a flow reflection plane and &8s a means of elimi-
nating the effect of tumnel wall boundary leyer in much the ssme way as
the boundery-layer plate of reference 5; however, in the preasent tests
the plate extended 11-1/2 inches farther upstream to accommodate the long
body (see fig. 1(b)). Since the plate could not be rotated, angle of .
attack was varied by attaching the body to the plate at the desired angles.
For pressure-distribution tests the hlnge shafts of the wings were sup-
ported by bearings in the body and at the tunnel wall. TFor balance tests
of the wings, the shaft passed through & hole in the body and was supported
entirely by a strain-gage balance (see ref. 8). A fairing extended between
the wall of the tunnel and the back sidé of the boundary-layer plate to
shield the support shaft from air loads. A 0.005- to 0.010-inch gap was
provided between the wing and body in order to prevent mechanical inter-
ference, In addition, the operation of the balance in the force tests
required an annular gap of 0,10 inch around the wing hlnge shaft.

The full-span models were supported from the rear by a 13° bent sting.
This bent sting was used to increase the range of positive angles of
attack. Iift and drag forces acting on these models were measured by a
strain-gage balance which supported thé sting. Pitching moment was meas-
ured by strain gages mounted on the sting between the model and the bal-
ance, The sting was shielded from aercdynamic forces by a shroud that
extended to within 0.015 inch of the base of the model. The base pres-
sure of the models was measured by static-pressure orifices in the sting
adJacent to the base. .

M



NACA RM A56C12 GE 7

PROCEDURE

Tegt Conditions

Tests of the semispan models were conducted at a Mach number of 3.36
and & Reynolds number per inch of 0.85 million. The body was set at fixed
angles of attack and the wing deflection angle was varied such that the
maximum wing deflection angle or the sum of the body angle of attack and
wing deflection did not exceed #45°. The body angle of stbtack was varied
from 0° to 25°, Tests of the aspect ratio 2/3 and 3/8 triangular wings
were limited to the cases of zero body angle of attack with varying wing
deflection angle, and zero wing deflectlon angle with varying body angle
of attack.

The full-span models were tested at Mach mmbers of 1.98, 2.kli, and
3.36 and at a Reynolds number per inch of 0.85 million. The body angle
of attack was varied through a nominal range of -U4° to +30° with the wing
set at fixed deflection angles ranging from -35° to +40°.

Reduction of Data

Semispan models.- Comparisons of tunnel stream surveys for the
conditions of tunnel empty and with the boundary-layer plate present
indicated a plate-lnduced spanwlse Mach number varistion in the region
occupled by the semispan models. Therefore averasge Mach numbers . were
determined according to the spanwise extent of each model:

Model Average Mach number, M
Body 3.36 +0.02
A1l models having r/s = O.k 3.40 +0.02
A1l models having r/s = 0.2 3.43 #0.02

As it was desirable to compare the data for the wing in the presence of
the body with the corresponding data for the wing alone, it was necessary
to correct the data from the average Mach number, M, to the Mach number
of the wing-alone data, M = 3.36. The following approximation was used:

(Coefficient at M = 3.36) = =
J(336)% - 1

For the pressure-distribution wings tabular integration of the cor-
rected values of measured pressure distribution along the wing chord
provided local span loading coefficients and chordwise centers of pressure.

~qu—

[

(Coefficient at M)
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The spanwlse load distributions were in turn integrated to obtein normal-
force, hinge-moment, and root bending-moment coefficients. For the other
wings, normal-force, hinge-moment, bending-moment, and drag coefficients
were determined from balance measurements. The normsal-Fforce coefficlent
is presented for these wings in order to be consistent with the pressure-
distribution-wing data since in the latter case the distribution of ori-
fices and their limited number precluded an accurate measurement of chord
force. j '

Pressure distributions sround the circumference of the body were
integrated to give local longitudinal loading coefficients. The difference
between the local loading for the body in the présence of a wing and the
body alane yielded the interference loading on the body which was then
integrated to glve interference normal-force and pitching-moment coeffi-
cients about the wing hinge-line reference, Reasons for presenting only
interference loading on the body are discussed in more detail in a later
section. .

Full-span models.~ Variations of Mach number from free-stream condi-
tions were negliglble at the full-span-model locations and reguired no
corrections to the measured data. Normal-force end total drsg coefficlents
were determined from balance measurements. The drag coefficients were
corrected to a condition of free-stream pressure on the base of the body.
Pitching-moment coefficients, determined from measured pitching moments,
were referred to the wing hinge axis. The actual angles of attack of the
body were determined by photographs becsuse of small deflections of the
sting due to aerodynamic loads on the model.

RELTABILITY OF DATA

Limits of Uncextainty

The uncertainty in the dats wes assessed on the basis of repeatability,
estimated effects of tunnel stream asymmetry, and uncertalnty in the aver-
age Mach number In the wind tunnel at the model location. The limits of
uncertainty for the wings in the presence of the body were:

Oy () +0,015 for all wings
c {:0.010 for rectangular wings of A=3 and A=1, r/s=0.k;
hW(B) +0.005 for all other wings

+0.040 for rectangular wing of A =1, r/s = 0.4;
Cow(B) +£0.020 for all other wings
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CDW(B) +0.010 for all wings

Pu(B) +0.01

for pressure-distribution wings
The 1limits of uncertainty for the body in the presence of the wings, which
apply up to og = 20° ss discussed later, are given as follows:

AC +0. (These quantities sare inversely proportional to

NB(w) 0.13/8y the wing reference area and chord and are approxi-
- mately equal to two of the smallest grid-line

AcmB(W) 0.34/esy divisions on the graphs.)

BB(W) +0.010

The limits of uncertainty for the full-span models were:

CNBW +0.015
+

CmBW +0.030

CDBW +0.010

% .

S—B CNB +0.08

ESy

—_— +0.50

DSp CmB 2

— Cp +0.05

S B

The uncertainty in Reynolds number per inch was *0.05 million.
Effects of Wing-Body Gap on Semispan Data

The effect of the annular clearance gap ;rcund the supporting shaft
of the force test wings was evaluated through limited messurements on the
pressure~distribution wings with and without a gap. A comparison of the
data showed that the effects of the gap were insignificant. The effect
of the gap between the body and the undeflected wing was assumed to be
negligible for the gsp-spen ratios and angles of attack of the present
test on the besis of the findings of references § and 10.
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Effects of Boundary-Tayer Plate on Half-Body Data

Evidence of boundary-layer effects on the half-body data was revealed
by rreliminary compsrisons of pressure~ ~test Fesults of the half body alone
witu those of force tests on the full quy alone. This comparison is pre-
sented in figure 2(a) in the form of narmal-force éoefficients plotted
against angle of attack. Figure 2(&) shows that good agresment between
the test methods occurs up to ap = 15°9; Beyond 15° an increasing loss of
the normal-force coefficient of the model is evident with increasing
angle of attack. The poor agreement above’ "15° appears to be colncident
with the fact that above ap = 17.3° the crossflow Mach number exceeds
unity and interaction effects of the resultlng crossflow shock with the
plate boundary layer might be expected. In figure 2(b), which presents
longitudinal loading along the cylindrical portion of the half-body model,
an additional effect is shown which might be attributed to the boundsry-
leyer plate. This is observed as a hlgh loading near the base of the body
which increases with angle of attack.

)

It is believed that the foregoing effects of boundary layer inter—
ference are, to a large extent, eliminated in the interference data pre-
sented herein for the body in the presehce of &~ wihg. The procedure for
determining interference, as mentioned in the data-redudtion section,
consisted of subtracting from the load distribution on the body in the
presence of a wing, the loading distribution of the body alone at the same
angle of attack. The boundary-layer pIate effects, belng presumsbly little
affected by the presence of a wing, were thius’ minimized 1n.the resulting
interference loading.

In view of the foregoing discussion, the limits of uncertainty pre—
sented earlier for the interference force and momernt coefficlents on the
body in the presence of a wing should dpply up to ap = 20°, Because of
the large boundary-layer effects encountered st higher angles of attack,
the reliability limits at ap = 25° are uncertain but are not expected
10 be in excess of +10 percent of the interference force and moment
coefficients presented in the basic data.

Comparison of Full-Span: and Semispan Data

An additional means of assessing the reliability of measurements was
provided by a comparison of the results from the two Independent methods
employed in the invest;gation.for the A =1 rectangular wing and body
combinastion. The date from both test methods were compared on a basis
commonn to both; that is, the sum of the 1ift of the wing in the presence
of the body and the interference 1ift on the body due to the wing, cbtained
from the semispan model tests, was compared with the equivalent total
combination 1ift minus the 1ift of thq body alone, obtained from the
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full-span-model tests. A similar comparison of moment about the wing
hinge line was also made. These comparisons sre presented in figures 3(a)
and 3(b), respectively. Figure 3(a) shows that the maximum differences
between the two test methods occur at high positive and negative values
of the 1lift component where the deviation is generally no greater than
about +0.02 from = mean curve. This scatter substantially verifies the
individuel estimations of data reliability for the two test methods. As
previously Indicated, the degree of precision in measuring moments on the
semispan models was considerably greater than that for full-span models.
Therefore, the curves of figure 3(b) were drawn to favor the semispan
data. The comparison thus reflects primarily the limited reliability of
the full-span-model moment measurements. Errors in this gquantity are
inherently large for the full-span model, due to the remote location of
the moment gage from the wing hinge-line reference axis.

RESULTS

All pressure data presented are 1n tabular form. Because of the large
number of individuel pressure measurements obtained, it was impractical to
present & complete tabulation of all the data obtained. Tabulation of
pressure coefficients was therefore restricted to cases of ap variable,

Sy = 0°, and 8y variable, ag = 0°. However, complete loading results in
terms of wing span loading and loading induced on the body by the wing are
tabulated for all conditions investigasted. The following index indicates
the specific pressure and loading data presented in each table.

Model Table number
Plan form [ A‘ﬁrr/s Pressure Span loading
Wing in presence of body coefficients coefficients
Triangular L to.2 I(a) IIT(a)
Triangulsar 2 .2 I(b) II7(®)
Rectangular { 2 .2 I(e) ITI(e)
Pressure Longitudinal interference]
Body in presence of WiNg| .  coicients| losding coefficients
Triangular b .2 I1(a) v(a)
2 .2 II(b) Iv(b)
1 .2 I1(e) Iv(e)
1 A IT(4) Iv(4d)
2/3 | .k I1(e) atv(e)
3/8 1 .k II(f) arv(e)
Rectangular | 3 .2 IT(g) v(g)
2 2 IT(h) Iv(h)
l 1 .2 IT(1) Iv(i)
1 i II(3) v(g)
Body alone v ——

f0nly for cases of ap variable, 8y =0°, and 8y variable, ag = 0°.

e
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Force and moment dats obtained from the pressure measurements and
from the balance measurements are presented in grephical form. A plan
view of the combination tested is shown on each basic data figure, and
the shaded ares indicates the component of the combination for which the
data applies. The following index indicates the specific data presented
in each figure. :

Mach Model Figure number
number | Plen form | A |r/s|Ny(B){Chw(z)|Ctw(B) | Ow(B) | A°NB (w) | ACump (W)
3.36 [Trienguler | 4 jo0.2| k(a) | 5(a) | 6Ca) | (a) [ 8(a) | 9(a)
2 | .2| &(v) | 5(p)} | 6(Db) (1) 8(b) 9(b)
1 f .21 4(e) | 5(e) | 6(c) | T(a) 8(e) 9(c)
1| A& W(a) | 5(a) | 6(a) | 7(b) 8(a) 9(a)
2/31 A 4(e) | 5(e) | 6(e) | T(e) 8(e) 9(e)
v 3/8] L W(F) | 5(£) | 6(£) | 7(a) 8(f) 9(£)
Rectangular| 3 | .2| ¥(g) | 5(g) (1) | 7(e) 8(g) 9(g)
2 | .21 k(n) | 5(n) | 6(g) (1) 8(h) 9(n)
1t .2] (1) | 5(1) | 6(h) | T(F) 8(1) 9(1)
M M 1) () P50 L e(n) | 1) | 8(3) | 9(3)
mper | Plen form r/s{"Nsw  |%mmw |“Pew E;s;‘f Crg -?%Z Cmg i‘sg Oy

10(a2) {11(a) |12(a)
10(p) |11(v) |12(1)
10(c) (11(e) |12(c)
10(d) j11(a) (12(4a)
10(e) 111(e) |12(e)
10(f) |11(f) |12(f)

1.98 iangular .
1.98 [Rectangular
2.4 Triangular
2.4% |Rectangular
3.36 (Priangular
3.36 [Rectangular

HFMNOOEHENDEHEND =
R IR R

1.98 [Body alone 13 13 13
2.44 |Body alone 13 13 13
3.36 [Body alone 13 13 13
INo data

DISCUSSION

In addition to the basic data figures, summary figures are presented
to facilitate discussion of the principal effects of high angles of attack
and wing deflection on force asnd moment coéfficients. In order to sepa-
rate the effects of angle of attack ang wing deflection, plots were made
of experimental data for the cases of varigble angle of attack with zero
wing deflection angle and wvariable w1ng geflection with zero angle of

attack (hereinafier designated ag varisble and &y veriable, respectively).

These experimental data are also compsred with corresponding values from
aveilable theory. The theoretical values were obtained by modifying the
experimentel wing-alone characteristics by the methods of references 11-1k4

-
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which involve the use of interference factors to account for the effects
of body-wing interaction. The manner in which these interference factors
were used in calculating 1ift and moment In the present report are devel-
oped in the gppendix. Published experiflental results for the wings alone
can be found in references 5, 6, and 7. Smsell corrections to ap and &y
were applied, whenever neceBsary, to the experimental results presented
in the summery figures to provide zero values of the force and moment
coefficients at zero ap and By.

Component Characteristics at M = 3.36

In the wing-body interference theory utilized herein consideration
is not given to the chordwise forces arising either from pressures or
viscosity. Accordingly, calculations could only be made of the normal
force or the 1lift component of normal force scting on the model components.
Comparisons of theory with experiment for the wings and the body were more
conveniently made on the basis of the 1ift component of normsal force.
These quantities sre defined as Tfollows:

CLi(s) = CMu(m)°0® oBS ACT¥ () = ACmp(y)e0s o ap veriable

CL%(B) = CNW(B)COS o ACLE(W) = ACNB(W) 8y varisble

Lift of the wings in presence of the body.- Comparisons of theoreti-
cal with experimental 1lift are given in figure 14(a) for triangular wings
and in figure 14(b) for rectangular wings. The theoretical values were
computed by the following relationships:

CL%(B) = KW(B)CLﬁ o variable
CIﬁ(B) = kW(B)CLﬁ &y varlable

For triangulsr wings in the presence of the body, the theory is in
good sgreement with experiment in the range ag = 0° to 6° for the variable
case at all aspect ragtlos. For asngles of attack greaiter than about
10°, a decrease of 1lift below the theoretical curve is indicated, particu-
larly for the models having an r/s of O.L." A similar result was found in

references 3 and 4 for a rectangular wing tedted in combination with a

body at M = 1.89 and 2.93. These decreases in 1ift result from a decrease
in the effect of body upwash on the 1ift of the wing. The decreased effec-
tiveness of body upwash above 10° angle of sttack is believed to be due to
the presence of body vortices since it 1s known that body vortices tend to
reduce body upwash in the plane of the wing. An Investigation at M=2.00

b ==y
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of a body similar to that of the present tests, reported in reference 15,
shows that such body vortices appear at about a body angle of attack of
10°. An approximate estimate was made of the effect of body vortices on
the 1lift of the A4 =1 triangular wing in’ presenﬁe of the body for en

r/s = 0.4. The strengths and positicns of the body vortices were assumed
to be the same as those reported in reference 15 for the similar body alone
at M = 2.00. The effective induced downwash field of the body vortices

in the plane of the wing was evaluated by strip theory. As indicated in
figure 14(a) the inclusion of the effecﬁs of vortex-induced downwash on

the wing accounts for a large portion of the discrepancy between theory
and experiment. It is evident that a method of defining the vortex field
for a supersonic wing-body combinatlon is needed for inclusion in a theory
appliceble at large angles of attack. Furthermore, such & method should
consider possible effects of crossflow shock waves on the body flow field
when the critical crossflow Mach numberfis ‘exceeded.

In the varlable &y case of figure lh(a), the thecretical values of
1lift are in good agreement with.experlmental in the range of &y from o°
to 20° for all aspect ratios except A = 3/8 At deflection angles above
20° the A = 3/8 wing provided greater 11ft than thet of the wing alone at
the same angles. This greater lift can be accounted for to a large extent
by the following resgoning: For moderate wing deflections, the resulting
breach between the deflected wing and the body is large compared to the
wing semispan, due to large ratio of- wing root chord to body radius. Under
these conditions the wing panel behaves'to some extent as an independent
wing of reduced aspect ratlio (for this case, A = 3/16). Wings of such
slenderness partake of the characteristlcs of bodies and experience signif-
icant contributions of 1ift due to crossflow drag. This is apparent by the
parabolic shape of the experimentsl 1lift curve (see ref. 16) indicated in
figure 1lk(a) for the A = 3/8 wing in the presence of the body.

The rectangular wings in the presence of the body show about the same
degree of agreement between theory and experiment over substantially the
same range of ap and, SW as for the tr;angular wings.

Figure b4 shows that both plan forms exhibit no important adverse
effects of combined angles of attack and deflection, and retain their
normsgl-force effectiveness up to at least the maximnm angle of the tests
(approximately 45°).

Hinge moments of the wings in presence of the body.- Comparisons
of theoretical with experimental hinge moments asre given in figure 15(a)
for triangular wings and in figure 15(b) for rectanguler wings. The
theoretical values were computed by the following relationships which
are developed in the appendix:
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Triangular wings

ChW(B) = KW(B){%hW + [1 - % g% W(B)]CNQ} ap variable

Cong(my = S() g + [1 - -g-( >W(B)]CNW} 8y varisble

Rectangular wings

ChW(B) = KW(B)ChW ag variable

gy = e {omg + (&), - (%)W(B)]%} oy vertale

For the triangular wings in the presence of the body, r/s = 0.2, the
theoretical hinge moments are within 20 percent of the experimental in
the range of ag from O° to 6° in the varisble ap case. This
20-percent hinge-moment margin represents an accuracy in prediction of
the chordwise center-of-pressure positions to within #0.01 €, The shaded
areas in figure 15 represent the contribution to chW(B) by a 0.01 ¢

shift in wing center-of-pressure position. For the models having

r/s 0.4 in the range ag from o° to 60, the agreement between theoret-
ical and experimental. wing hinge moments is not as good as for the models
having r/s = 0.2. Above ap = 6°, and for both values of r/s, a large

discrepancy between theory and experiment occurs emphasizing the need for
an accurate definition of the vortex field for wing-body comblnations at

high angles of attack. As in the case of 1ift, the effects of body vor-

tices were approximately estimated for the A = 1 trianguler wing,

r/s = O.4, and are indicated in figure 15(a).

In the varisble &y case, the theoretical hinge moments are, in
general, within #20 percent of the experimentsl, represénting s meximm
of #0.01 ¢ error in the chordwise center-of-pressure position in the
deflection-angle range of &y from O° to 25°,

For the rectangular wings the theoreticel hinge moments are within
+10 percent of the experimental throughout the angle-of-attack range for
the A =2 and 3 wings in the variable ap case. The sgreement between
the theoretical and experimental hinge moments of the A =1 wings, how-
ever, is poor. The experimental values indicate at least an 0.01 @ shift
in the center-of-pressure position forward of that of the wing alone.

"In the variable &y case, the agreement between theory and experiment
for the rectangular glan forms of A =2 and 3 over the wing deflection
range of &y from O to 25C was the same as in the case of the triangular
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wings. The wings of A = 1 gave simllar. agreement but over the more
restricted range of &y from O° to 15°.

The primary effects of wing plan form at large cambined angles of
8w and ag can be seen by a comparison of hinge moments of triangular wings

(figs. 5(a) to 5(f)) with those of the rectangular wings (figs. 5(g) to
5(3)).. This comparison shows that the rectangular wing hinge moments in
presence of the body are more linear with &y than those of the triangular
wings in the higher range of ap tested. At these high angles, an
inboard loeding loss occurs in the wing-body Juncture due to the combined
effects of body vortices and the wing-body bresch Fesulting from wing
deflection., The result is an outboard shift in wing loading approximately
along the midchord line causing, in the case of trisngular wings of swept-
back midchord line, a corresponding rearward shift in center of pressure,
as pointed out in reference 17. This rearward shift ln center of loading
on wings with sweptback midchord lines gives & more nonlinear hinge moment
then that exhibited by wings with unswept midchord lines.

Bending moments of the wings in presence of the body.- Comparisons
of theoretical with experimental bending moments are given in Ffigure 16(a)
for triangular wings and figure 16(b) for rectanguler wings. The theoreti-
cal values were calculated on the assumption that the spanwise center of
pressure of a wing in the presence of a body is the same as that of the
wing alone. Therefore, the theoretical bending moments are given by:

cbW(B) = KW(B)CbW .QB variable

CbW(B) = kW(B)CbW By variable

In general, the wing alone bending moments are 1n as good sgreement
with experiment as the theoretical for both plan forms., For the triangular
wings, the agreement between theory and .experiment is poor for the A =1
wing, r/s = 0.2, and for the A = 3/8 wing, r/s = O.4. The agreement for
the latter is especlally poor for low body and wing incidences, The poor
agreement for both wings must be the result of an inboard movement of the
spanwise center of pressure, inasmuch as the corresponding theoretical and
experimental lifts (fig. 1%(a)) are in good egreement for op from o° to
about 10° end for &y from 0° to 20°, The reasons for this inboard move-
ment, however, are not clear. Nevertheless, for the A = 3/8 wing a part
of the disasgreement is probably due to the effect of wing-root geometry,
since this wing had a nonfilleted root section and theoretical calculations
were based on experimental data for a wing-alone model which had & filleted
root section. For both plan forms the A = 1 wings, r/s = 0.4, show higher
bending moments than could be accounted for by theory, particularly in the
veriable 8y case. The reasons are not clear for the apparent large out-
ward shift in spanwise center of loading {the outward shift is sgain
obvious since the corresponding theoretical and experimental lif'ts are

in good sgreement). _
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Span load distributions of three wings in the presence of the body
are presented in Ffigure 17 and are compared with the corresponding wing-
alone span load distributions. For the variable ap case the expected
increased 1nboard loading due to body upwash is demonstrated, particularly
at ag = 6°. For the variable 8y case the effect of the wing-body breach
is noticeable as a loss of inboard loading, particularly at &y = 20° as
compared to the wing-alone values.

Drag of the wings in the presence of the body.~ In the low-incidence
renge the predicted drag rise (Cp - CDmiﬁyﬁ(B)is glven by:

(CD = CDm::_)w(B) = KW(B)CNW«Sin ag ap Vvariable
% (¢p - CDmin)W(B) = kW(B)CNWsin By 8y Vveriable

It was found that, for wings of both plan forms, tThe theoretical and
experimental drag rise coefficients were 1n good agreement in the identi-
cal angle range of ap from O° to 6°, and &y from O° to 20°, in which
the corresponding 1ift coefficlents were glso in good agreement. There-
fore, no summary figures for the drag rise coefficlents are presented.

At large combined angles a small decrease of drag was effected by
increasing r/s from 0.2 to 0.4 for both triasngular and rectangular wings
of A =1 (figs. 7(a), (b), (£), and (g)). The minimum drag for all wings
on which drag was measured showed little change with ap in the range
0° to 10°; above 10°, there was a slight increase in minimum drag with
inereasing op. This increased drag is not significant for a wing-body
combination but it might be an indication that the nature of the boundsry
layer gger the wing was affected by the body at angles greater than sbout
ag = 10°.

Interference 1ift on the body due to the wings.- Comparisons of
theory and experiment are given in figure 18(a) for the body in the pres-
ence of the triangular wings and in figure 18(b) for +the body in the
presence of the rectangular wings. The theoretical interference lifts
are glven by the following expressions:

ACLE(W) = KB(W)CLﬁ ag varlable
ACTA(yy = EB(W)CL¥  Ow verisble

The theoretical values of interference 1ift on the body in the pres-
ence of the triangulsr wings in the variable ap case are in fair accord
with the experimental over the range of ap from O?‘to 25° when r/s==0.2.
Por r/s = 0.k, theory is in good accord with experiment in the range of

e
P -= -3
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ag from 0° to 10°; beyond this angle range the interference 1ifts given
by theory are too large. This discrepancy is believed to be a result of
body vortices and crossflow shock waves as was polnted ocut in the discus-
sion of 1ift on the wings. It should be noted that the lack of agreement
between theoretical and experimental wihg 1ift in the presence of the body
above ap = 10° wes, in genersl, also more pronounced for the configura~
tions having an r/s = O.h than for those with an r/s = 0.2.

In the variable &y case for triangular wings, the theoretical
interference lifts on the body are generally in fair accord with experi-
mentel in the range of wing deflection angles from 0° to 10°, The By
range wherein theory is in satisfactory sgreement with experiment tends
to increase with aspect ratio for both values of r/s. At larger wing
deflections, the existence of a relatively large wing-body breach violates
the geometrical considerations upon which the interference factor kB(W)

is based and hence departure of theory from experiment is to be expected.
Such a departure is indicated in figure lB(a) where, at large deflection
angles, a decrease in interference lift occurs, resulting in negative
values for some cases. ;

In the case of variasble ap for the body in the presence of the
rectanguler wings, good agreement results over the angle range hetween
the theoretical and experimental interference 1lifts on the body for all
aspect ratios and r/s investigated, °

The comparison of the theoretical and experimental interference 1ift
on the body due to the rectangular wings in the varisble &y case gave
essentlally the same results as found for the case of the trisngular
wings. As indicated in figure 18, theoretical values based on a modified
theory (see eq. (Al) in appendix) are generally in better agreement with
experiment and the range of agreement ls extended to higher deflection
angles, particularly for the rectanguler wings. This modified theory in
effect extends slender-body 1nterference factors to the case of a non-
alender configuration.

Distributions of interference normal force on the body due to the
presence of the wings are presented in figure 19. Three wing-body models
are considered, among which are included combinations having the largest
and smallest values of the ratio ep/r. The theoretical loading dietri-
bution on the body computed for ap = 5? demonstrates a fair agreement
of total loading and, ite distribution along the body for all three models.
At opg = 20° the total, loading was increased approximately in proportion
to the angle-of-attack increase in eadh case; however, some change in the
load distribution:is indicated, particularly’for the modeles having smagll
cy/r values (2.67and 4),

For &y = 6° the theoretical body loed distribution for the long
chord triasngular wing model (er/r = 16) ie uniformly higher than the
experimentel’s This disagreement;;ﬁfqge to the effect of the wing-body
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breach evidenced by the small region of negative loading developed on the
body near the wing leading edge. For the short chord wings the theoréti-
cal loading is in good agreement with the experimental for the triangular
wing but 1s in poor asgreement for the rectangular wing. It is notable
that the use of the modified theory materially improves the sgreement
with the experimental load distribution for the rectangular wing case but
does not alter® the good agreement of slender-body theory with experiment
for the triangular wing case. At By = 30° the distribution of load on
the body for models of small cr/r is not materially altered by the
increase in wing deflection. For the model with large ep/r, however,
the large wing-body breach apparently allows a large negetive loading to
develop on the body forward of the wing hinge axis due to the bleeding of
posltive pressures on the bottom of the wing to the top of the body.

The effects of high combined angles on normal force are apparent
from an examination of figure 8. The general nonlinearity of ACNB(W)

with variation In &y 18 evident, and is only slightly affected by body
angle of sttack up to 25°.

Interference moment on the body due to the wings.- Comparisons of
theory and experiment are given in figure 20(a) for the body in the pres-
ence of the triangular wings and in figure 20(b) for the body in the pres-
ence of the rectangular wings. The theoretical interference maments are
glven by the followlng expressions:

Triangular wings

X

N [1 %<—r B(W)]KB(W)CNW ap varisble

= 3(X .
Ay () = [1 -2 (& B(W)]kﬁ(w)cl,j; By variable

Rectangular wings

ACmp gy = [% - ({; B(W)]KB(W)CNW ap veriable

(% B(W) ]kB (W) CI;; SW variable

S
Almp 57y = [2
In the variable ap case, good asgreement between theoretical and
experimental interference moments on the body due to wings of both plan
forms is found over the entire range of ap, except for combinations
having wings with the smallest ratlo of root chord to body radius.
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For both plan forms in the variable &, case, interference moments
on the body given by theory are in good agreement with those of experiment
in the range of wing deflection angles from O° to 10°., Except for the two
models having the smallest cr/r, the modified theory egain provided some~
what better agreement with experiment than did the slender-body theory.

At learge deflection aengles, except for the models having large cr/r, a
decrease in the megnitude of interference moment on the body occurred due
to a decrease of body loading. For the models having the largest cp/r,
however, a stabilizing couple, resulting from the large negative loading
developed on the body ahead of the wing hinge line (see fig. 19(f)),
compensated for the effect of the load loss on the moment. Thus, in the
case of the two models of largest cr/r, the agreement at large deflection
angles between experiment and theory is good, though fortultous.

Complete Configuration at M = 1.98, 2.4k, and 3.36

Combined 1ifts of the wing-body configurations.- The configuration
1i£t component of normal force less that of the body alone, CIEW - CI;,

is compared with theory in figure 23. The equlvalent theoretical values
are given by the quantity CL&(B) + AGIE(W)‘ The theoretical combined

1lifts are in good agreement with the experimental in the angle-of-attack
range 0° to €° with zero wing deflectiom for both plen forms.

In the case of varisble wing deflection with zero body incidence,
theory and experiment are in satisfactory agreement in the wing deflection
range O° toc 10° for both plan forms st all test Mach numbers for which
experimental dats were avallable, At large deflection angles the effect
of the resulting breach between the wing and body is to reduce the 1ift
of the wing-body combination (excluding the body nose) to values below
that of the wing alone, ' ’ ' .

No comparisons of experimental cmBW - CmB with theoretical were

made since 1t was found that the resulting small gquantities would be of
the same order as the accuracy of the experimental values.

Effects of Mach number.- The full-span models tested at the Mach
numbers 1,98, 2.kL, and 3.36 were not instrumented to glve the division
of force and moments on the body and wing. Therefore, direct comparisone
of Mach number could not be made on the ranges of agreement of theoretical
and experimental 1ifts of the wings in the presence of the body and the
body in the presence of the wings. However, sn examination of figure 21
shows that for the combined 1ifts, CL;(B) + ACIE(W)’ or the equivalent

value, CL;W - CI%’ there is no significant effect of Mach number on the

ranges of anglea of attack and wing nglection wherein theory and

Vi
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experiment are in good sgreement. Some effects of Mach number might be
expected due to the fact that with decreasing Mach mumber, critical cross-
flow Mach numbers with their attendant effects on crossflow occur at
increasing angles of attaeck. No direct informstion is available in regard
to the effect of Mach number on the angles of atitack at which body vor-
tices become Important. Figure 13 shows, however, that the normal-force
curves for the body alone are aspproximately linear to eabout ag = 6° at
the test Mach numbers. At higher angles, the normal-force curves become
approximately parabclic in shape due to the conbtribution of crossflow
drag (see ref. 16), implying the presence of body vortices.

CONCLUSIONS

The followling conclusions are based on date from semispen triangular
and rectangular wing and body combinations tested at a Mach number of 3.36.

1. The mutual interference effects of wing and body in combination
can be estimated with good accuracy by means of theoretical interference
factors applied to experimental wing-slone chsracteristics. The good
egreement, however, was limited to renges of body angles of attack ap
and wing deflections &y that varied with wing geometry. The minimum
ranges of sggreement are given as follows:

Coefficient |aB variable, &y = O[SW variable, ag = O

Wings in the presence of the body

Lift coefficient 0° to 6° 0° to 20°
Hinge-moment coefficient

Triangular plan form 0° to 6° o° to 25°
Rectangular plan form o° to &° o° to 15°

Body in the presence of the wings
Interference 1ift coefficient 0° to 10° 0° %o 10°
Interference moment coefficient o° to 15° 0° to 15°

2. A decrease of 1lift below the theoretical for the undeflected
wings in the presence of the body occurred at body angles of attack greater
than about 10°. This decrease of 1ift, particularly affecting the inboard
wing sections, resulted from a decrease in the effect of body upwash which
is believed to be due to the combined effects of body-nose vortlces and
transonic crossflow.

3. In combinstion with & body, the triangular wings of aspect
ratios 2/3 and 3/8, which have large root chords compared to the body
radius, showed spproximately parsbolic curves of 1ift as a function of
wing deflection angle. This parabolic shape indicates significant con-
tributions of 1ift due to crossflow drag of the wing at lerge deflection

angles,
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b, At large body angles of attack, the variation of hinge moments
of the triangular wings in the presence bf the body were more nonlineer
with wing deflectlon.than those for the rectengular wings. This was a
consequence of a rearward movement of the center of pressure for the
triangular wings which accompanied an outward shift occurring at high
wing deflectioms.

5. PFor the triangular wing and body combinations having a large
ratio of wing root chord to body radius, the openling of a relatively large
wing-body gap due to wing deflection produced s large negative interfer-
ence load distribution on the body forwsrd of the wing hinge axis. This
resulted in highly nonlinear interference force and moment coefficients.

On the basis of data measured at Mach numbers 1.98, 2.4k4, and 3.36
on two smaller scale full-span models of two of the semispan configura-
tions, the following conclusion wae evident:

1. The ranges of angles of attack and wing deflection wherein the
theoretical and experimental values of the 1ift component of normal force
of the configuration less that of the body alone were in good agreement,
were insignificantly affected by Mach number. ' '

Ames Aeronautical Isboratory
National Advisory Committee for Aeronsutics
Moffett Field, Calif., Mar. 12, 1956
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APPENDIXX A

INTERFERENCE FACTORS

23

The interference factors used to compute the theoretical curves of
force and moment coefficlents presented in the summary figures were

obtained either from slender-body theory or linear-theory solutions.

In

cases where both solutions were avalilable, linear-theory factors were

generally used, when applicable.

The following teble summarizes the par-

tlicular references from which the interference factors were determined.

(The superscripts

and linear theory.)

S and . refer, respectively, to slender-body theory

Wing in the presence of the body | Body in the presence of the wing
ag veriable, &y = O°
Ky (B) Kp(w)
Triangular Rectangular Trianguler Rectangular
Slender- Slendexr- Slender- lender-
|Linear body Iinear body Linesar body Iinear body
~== [Ref. 1k,} --- Ref. 14, |Ref. 11, |[Ref. 1k, Ref, 11, [Ref. 1k
fig. 2 fig. 2 | fig. & fig. 2 Pig. I fig. 2
or or
Ref, 12, Ref, 12,
fig., 4 Pig. b
Ref. 13, Ref. 13,
fig. 2 fig. 2
Ref, 1k, Ref. 1k,
fig. 5(a) fig. 5(a)
for
BA > 2
and
[xg(w) 15> [Kp(w) &
8y variable, ag = O°
5 (B) k5 (W)
--- |Ref. 14,|Ref. 13,[Ref. 1L, Ref. ik, Ref. 1h|]
rig., 2 | fig. 3 | fig. 2 fig, 2 fig. 2
for
A > 2 Eq. (A1) Eq.(AL)
present present
report report
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An estimate for a linear-theory value of kg(y) for both triangular
and rectangular wings was made by the following:

[Ka(w) 1T
[kp () 1 = [—K];(%i—]—s- [y 19 (A1)

In figures which involved the use of kB(W)’ both the slender-body value
and the above modificatlon were used.

HINGE MOMENTS OF THE WINGS IN THE PRESENCE CF THE BCDY

The following general equeations were used to calculate wing hinge
moments:

Chyy(p) = &J(B){C—C%E + F K?%)W - (—c’% W(B):}CNW wp variable
(A2)
R ST .
(A3)

The term in the braces represents the center of pressure of the wing in
the presence of the body obtained, as sﬁggested in reference 13, by adding

Ch
to the experimental wing-slone center of pressure, EﬁE’ the theoretical
W

c - -
shift in center of pressure,'1$ [K;?{) - <g& ]. For triangular wings,
o4 r W r W(B)

% 2 5‘:) . .

=] == and | <= for both variable and are determined from
(Cr)w 3 <Cr W(B) a‘B SW
figure b of reference 13. For rectangular wings, linear-theory values of

<%i are given in figure 6 of reference 12; for variable agR,
T A _

X = <;§- (see ref., 13), and for variable &y, values of X
. b
<°1‘ w(B) \°r/y ’ °r/u(B)

based on linear theory for wings with PBA > 2 are given in figure 6 of
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reference 13. Rewriting equations (A2) and (A3) for specific cases:

Triangular wings

i) = S {oo + [1 -3 (B ) I} op vertame )

Chy(p) = ¥ (B) {chw + :1 - % (%)W(B)jcnw} &y veriable  (A5)

Rectangular wings

Chy(p) = KW(B)Chy o Varisble (46)

e i o [ @} o0 e

INTERFERENCE MOMENT ON BODY DUE TO WING

The body interference moment coefficients were calculseted by the
following equations:

Qo

ACmg () =—(_:r— >b ( >B(W) KB(W)Chy ag veriable (48)

ACup () = F ( ) ( )B(W)] kp(w)Cry ~ Ow varisble  (a9)

where for both variable aop and By, values of (Cr (W) based on linear
B(W

theory are given in figure 7 of reference 12 or figure 20 of reference 1k,
For specific cases equations (A8) and (A9) become:

Triangular wings

J— [1 -3 (%)B(W)]KB(W)CNW ag variable (810)

Sy
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AcmJa(w) = [l - % <'E;{§>B<W)]k3(w)c]'_;§ &y varilable '(All)
Rectangular wings
A
AcmB(w) T2 <%; B(W)JKB(W)CNW ap verlable (a12)
(% .
ACmB(W) =15 - <%;:L(w)]kB(W)CLW &y Vverliable (A13)

DISTRIBUTION OF INTERFERENCE NORMAL FORCE
ON THE BODY DUE TO THE WINGS

The theoreticeal body interference loading coefficient as & functlion
of x, the distance along the body from the juncture of the body and
the wing leading edge, calculated for varlable ap by the following
integrals from reference 11. The varigbles of integratlion are defined
in the accompanying sketch,.

o
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Supersonic-leading-edge wing

_ Gmag [ﬂzcos_l x/B - pmn a

“og(w) T njpRmRo1 n o+ mx

B [—’5 - (n+mx)sin™ X/B+an> JEZ_— sin~? /B]’lz
l

aDJp2m2-1 |2 1 + mx
(a1k)
Subsonic-leading-edge wing
a/
pon e = 260 Tag T2 afEow
B(W) ~ wp(pm + 1) ) Jomx o+ 7
_ 16(pm)®/ Zag [ x/B(pm + 1) =T |2
/B PN T panTd __'L'l:l
= Ds(em s Jx/B- 1) (mx+n) + > an KX/B-n .
(A15)
The loading for variable B8y was then obtained by:
By (w)][ ]
e -2 Ac (416)
l: "B(W) ]BW varisble B LKB(W) "B(W) ap varisble

wherein both the slender-body value of kB (W) and the linear-theory
approximation (modified theory) given by equation (Al) were used.
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(b) A = 2 trisngular wing, r/e = 0.2 - Concluded

TABLE I.- PRESSURE CCEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE BODY - Continued
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TABLE I.~ PRESSURE COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE BODY ~ Ccucluded

(c) A = 2 rectangular wing, r/s = 0.2
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS
(a) A = b trisngular wing, r/s = 0.2
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(a) A =} triangular wing, r/s = 0.2 ~ Concluded
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TABLE II.- PRESSURE COEFFICIENTS OF TEE BODY IN THE PRESENCE OF THE WINGS - Continued

(b) A = 2 trianguler wing, r/s = 0.2
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NACA RM AS6C12

EENCE OF THE WINGS - Continued

= 0,2 - Conecluded

(b) A = 2 triangular wing, r/s

TABLE TI.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRE
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PRESENCE OF THE WINGS - Continued

1 triangular wing, r/s = 0.2

(e) A=
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NACA RM AS6C12

WINGS ~ Continued

= 0.2 ~ Conecluded

THE PRESENCE OF T
1 triengular wing, r/s

(¢) A =

TABLE II.~ PRESSURE COEFFICIENTS OF THE BODY IN
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS ~ Continued
(a) A =1 trianguler wing, r/s = 0.4
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NACA RM A56C12

(d) A = 1 triangulsr wing, r/s = 0.4 - Concluded

TABLE IT.- PRESSURE COEFFICIENTS COF THE BODY IN THR PRESENCE OF THE WINGS ~ Contiuued
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(e) A = 2/3 trisnguler wing, »/s = 0.k

TABLE IT.- PRESSURE CORFFICIENTS OF THE BODY IN THE FRESENCE COF THE WINGS - Continued
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NACA RM A5S6C12

TABLE II.- PRESSURE COBFFICIENTS OF THE BODY IN THE FRESENCE OF THE WINGS - Contlnued

(e) A = 2/3 triangulsr wing, r/s = 0.4 - Concluded
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b6

wing, rfe = 0.4

(£) A = 3/8 trisngular

TABLE II.- PRESSURE COEFFICIENTS COF THE BODY IN THE PRESENCE OF THE WINGS - Continued
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NACA RM A56C12

(£) A = 3/8 triangular wing, r/s = 0.% - Concluded

TABLE IT.- FRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE COF THE WINGS - Continued
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(g) &=

TARLE TT.~ PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
3 rectapgular wing, r/s = 0.2
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TN THE PRESENCE OF THE WINGS - Continued

3 rectangular wing, r/s = 0.2 - Concluded

(g) &=

- PRESSURE CCEFFICIENTS OF THE BODY
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(n) A = 2 rectangular wing, r/s = 0.2

Bw,ap=0°

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE FRESENCE OF THE WINGS -~ Continued
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OF THE WINGS - Continued
/8 = 0.2 ~ Concluded

ving, r

(h) A = 2 rectengular
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(1) A = 1 rectenguler wing, r/e = 0.2
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NACA RM AS56C12

0.2 « Coneluded

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE (F THE WINGS - ContmﬁEd
(1) A = 1 rectangular wing, r/s
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TARLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(5) A = 1 rectangular wing, r/s = 0.4
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TABLE II.- PRESSUKE COEFFICIENTS OF THE BODY IN THE FRESENCE OF THE WINGS - Concluded

(3) A = 1 rectengular wing, r/s = 0.4 - Concluded
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TABIE ITI.- SPAN LOADING COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE

(a) A = 4 triangular wing, r/s = 0.2

BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL
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(&) A = 4 triangular wing, r/s = 0.2 - Continued
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SENCE COF THE

= 0.2 - Continued

, AND TOTAL - Continued

LOWER SURFACE
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TABIE ITII.- SPAN LOADING COEFFICIENTS (F THE WINGS IN THE PRE
L triangulsr wing, r/s

BODY - UPPER SURFACE
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P

TABIE III.- SPAN LOADING CCEFFICIENTS OF THE

!:NEI-HEPBESENCEC&?THE

- Contlnued

0.2 - Continued

» LOWER SURFACE,
(b) A = 2 trianguler wing, r/s

BODY - UPPER SURFACE
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» LOWER SURFACE, AND TOTAL - Continued
2 trisngular wing, r/e = 0.2 - Continued

(b) A =

TABIE ITI.- SPAN LOADING COEFFICIENTS OF TEE WINGS IN THE PRESENCE (F THE
BODY - UPPER SURFACE

i
_
I o Homova MAOHI AMAaNE. ROVNH QYOG THMNRD MOVMH GNP RO¥HR
1 (WfiMAeRen SNvYY ]Qu Mg 9489 qoen SMRJB 1r4q8Q maﬂAz JMSJz
-— i 4 bl
._ ______ . LI I I ) . tra
. |L15942 DOVAW OLYME HNDNOY YOV NWANR ATHAE VOKOR ~OORY
! w.73&{2 Mot OARNMO MOUMY VOHMA OOMOY ROVNY BLINHAN FOOMY
L X FriviQGq. aRund QRN ANQQG QRN G GYRLR 49239 Quque MgQnVg
£ [y A Lo L e LR
_ w [N [ [ [ : ’
1 tlﬁ UORTY ROAEHR MAOMY DOLAD OO
P ] CTAWOr AYAYH MOUNAd NDVOWL VDM B
0| QUK GMHRTE 4+4QQ0 4YHE gL oug .
B [ ] | ] e .
T LU L o . :
|!58089 EOFAT NOAQE . : Cog i
y VADNH RAONT GMOHO .
3_11903 oYy ]uoang
et el
LI B ] A
— . I | he
o | N
Te}
m
° -
(o]
<
ﬁl \
o
[Ty
<
WOOOW INOCOAQW WOOOK WOODI WOOOW WNODOW NOOOK WOOoOW WMOoOoW
& | Rwon QOonE QoW QWOWNN RVWON~ GWONE EVOWE RDONNK KKOWK
> QuUN® QAVKR QEUNY QNRRE QNVR® QIYNT QUUNE QYWY CNVNY
1eddn 18m01 |ojoL Jeddn oMo} 10jo) 19ddn 19M07) 10}0)
@ ¢ o o
1] w0 o o



63

i

. TABIE IIT.- SPAN LOADING COEFFICIENTS (F THE WINGS IN THE PRESENCE OF THE

NACA RM AS6C12

2 triangulsr wing, r/s = 0.2 - Concluded

(p) A

BODY - UPFER SURFAGE, LOWER SURFACE, AND TOTAL - Continued
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i5° | 10°] 6° | 3° ] ©°

» LOWER SURFACE, AND TOTAL - Continued

-2 rectangular wing, r/s = 0.2

(c) A

BODY - UPPER SURFACE
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TABLE III.- SPAN LOADING COEFFICIENTS COF THE WINGS IN THE PRESENCE OF THE

NACA RM A56C12

BODY -~ UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued

2 rectangular wing, r/

Continued

s = 0.2 -

(e) A
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8 = 0,2 - Continued

/

BODY - UPPER SURFACE, LOWER SURFACE, AND TOTATL - Continued
(c¢) A = 2 rectanguler wing, r

TABIE IITI.- SPAN LOADING COEFFICIENTS OF THE WINGS IN THE PRESENCE CF THE
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TABIE IIT.- SPAN LOADING COEFFICIENTS CF THE WINGS IN THE PRESENCE OF THE

BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Concluded

2 rectangulaer wing, r/s = 0.2 - Concluded
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS

(a) A = L triangular wing, r/s = 0.2
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NACA RM A56C12

TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

Continued

THE PRESENCE OF THE WINGS

(a) A = I triangular wing, r/s = 0.2 - Concluded
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() A = 2 triangulsr wing, r/s = 0.2
35° | 30° [ 25° |

THE PRESENCE OF THE WINGS - Continued
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

0.2 - Concluded
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- Continued

(c) A = 1 trisngular wing, r/s = 0.2

TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
THE PRESENCE (OF THE WINGS
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

NACA RM A56C12

~ Continued

(c) A = 1 triangular wing, r/s = 0.2 - Concluded

THE PRESENCE OF THE WINGS
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THE PRESENCE OF THE WINGS - Continued
(d) A = 1 triangular wing, r/e = 0.4

TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

-15* | -20* [ -25° | -30°[ -35° [ -40° | -45°

THE PRESENCE OF THE WINGS -~ Continued

(d) A = 1 trienguler wing, r/s = 0.4 - Concluded
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TABLE IV.~ LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE

WINGS - Continued

(e) A = 2/3 triangulsr wing, r/s = 0.k
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WINGS - Continued

(£) A = 3/8 triangular wing, r/s = 0.k

TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

NACA RM AS56C12

3 rectangular wing, r/s = 0.2 - Concluded

THE PRESENCE OF THE WINGS - Continued
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

80

THE PRESENCE OF THE WINGS -~ Continued

(h) A = 2 rectangular wing, r/s = 0.2
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NACA RM A56C12

TABLE IV.~ LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

2 rectangular wing, r/s = 0.2 - Concluded
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(1) A = 1 rectangular wing, r/s = 0.2
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

NACA RM A56C12

- Continued

(1) A = 1 rectengular wing, r/s = 0.2 - Concluded

THE PRESENCE OF THE WINGS
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(3) A = 1 rectangular wing, r/s = 0.}

THE PRESENCE OF THE WINGS - Continued

TABRLE IV.--LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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TABLE IV.- LONGITUDINAT, INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

NACA RM AS6C12

Concluded

THE PRESENCE OF THE WINGS

(j) A = 1 rectangular wing, r/s = 0.4t - Concluded
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(b) Model I

TABLE V.- PRESSURE COEFFICIENTS OF THE BODY ALONE - Concluded
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Section A-A 4
Modified biconvex A L_
_.xh=§cfl
X AL_-___._.____}A rsl-
6— S
| ! i
17" " =Il ' [
26 -]
Triangular plan forms
Mode! A /s sin | Coin | Sin? |1/Cmax XC@mex/Wing test
4 .2 5 4 8 05 50 press.
2 2 5 8 16 05 50 press.
1 2 5 16 32 04 59 force
1 4 25 6 4.5 04 59 force
2/s 4 25 o 675 | 04 .59 force
4 25 16 12 04 59 force

Rectangular plan forms

3 2 5 |2667 10667 04 .59 force

2 .2 5 49 16 05 .50 press.

*
—
%:
B
e
.| %
T

¥
—=
JE——

| 2 5 8 32 | 04 59 force
a4

| 25 3 45 04 59 force

» Plan form for g scale full-span models.

(2) Summery of model geometry and dimensions.

Figure l.- Mcdels and semispan supports.
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and full body.

~ Body alone characteristies,

Fleure 2

(2) Comparison of the variation of normal-force coefficlent with angle of attack for the half body
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(b) A = 2 triangular wing, r/s = 0.2.

Figure k.- Continued.
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Figure 4.~ Continued.
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Figure .- Continued.
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(3) A = 1 rectangular wing, r/s = 0.k.

Figure L.- Concluded.
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(e) A = 2/3 trianguler wing, r/s = Q.k.
Figure 6.- Continued.
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(g) A = 2 rectengular wing, r/s = 0.2.

Figure 6.~ Continued.
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Figure 6.- Concluded.




120

NACA RM AS6C12

ep/r =[G = .

R

-30  -20

10

20 30

(e) A = 1 triangular wing, r/s = 0.2.

FPigure T.~ Varlation with deflectlion engle of .drag cocefficlent for the
wings in the presence of the body.



NACA RM AS6C12 m 121

8 T

i

i TR
At
t

a5=_25_°03‘ \ I\ ]

B

5

I,
o

(b) A = 1 trianguler wing, r/s = 0.k.
Pigure T.- Continued.

—



122

NACA RM AS6C1i2

L.}
]
t

R

.40  -30 -20 -0 0 16 20 30 40
Bw

(&) A = 3/8 triangular wing, r/s = 0.L.

Pigure T.- Continued.




NACA RM A56C12 123

R

l
[
|

o

[




1ok

NACA RM AS6Cl2

El -|6 f : i
dw

(f) A = 1 rectengular wing, r/s = 0.2,

Figure T.~ Continued.
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(g) A = 1 rectangular wing, r/s = 0.k,

Figure T.- Concluded.
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(e) A = 2/3 trienguler wing, r/s = 0.k,

(£) A = 3/8 triengular wing, r/s = 0.h.
Figure 9.~ Continued.
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Figure 10.- Variation:-wlth angle of attack of normal-force coefficlent
for the body-wing comblnations.



145

Kl

N

il
il

i

I

B

I

ik = i

.2.

=0

r/s

1 rectengulsr wing and

body combination,

(@) A

= 2 triangular and
body combination, r/s =0.2

(c) A

Continued.

Figure 10



146 -\ ——— NACA RM AS6C12

10 0 0 20 30 -0 0 10 20 30

ag g
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Figure 10,- Conecluded.
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() A = 2 triangular wing and (b) A = 1 rectangulaer wing and
body combination, r/s =0.2. body combination, r/s=0.2.

Figure 11.- Variation with angle of attack of pitching-moment coefficient
for body-wing combinations.
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Figure 11.- Continued.
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(a) A = 2 triangular wing and ~ (p) A = 1 rectangular wing and
body combination, r/s = 0.2, ' body combination, r/s = 0.2.

Figure 12.- Variation with sngle of attack of drag coeffic1ent for the
body-wing combinations. '
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(e) A = 2 triangular wing and (£} A = 1 rectangular wing and
body combination, r/s = 0.2. body combination, r/s = 0.2.

Figure 12.- Concluded.
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(b) Pitching moment. (¢) Normel force.

Figure 13.~ Variatlon with angle of attack of drag coefficlent, pitching-
moment coefficient and normel-force coefficient for the body alone.
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